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doi:10.1016/j.ejvs.2008.01.024Abstract Objective: To review our management of penetrating innominate artery injuries by
open and endovascular techniques.
Methods: Data regarding patient demography, clinical presentation, investigations, associated
injuries, pathology, management, complications and mortality, were collected on patients
treated at a single centre over 18 years.
Results: 39 innominate artery injuries were treated. There were 36 men and three women,
with a mean age of 27 years (range 18e49).Thirty-eight injuries were due to stabwounds
and one was the result of a gunshot wound. The most common clinical presentations were
shock (47%) and haematoma(42%). Twenty-three patients had associated injuries. The most
common pathology was false aneurysm in 21 patients followed by 13 actively bleeding injuries,
4 arteriovenous fistulas and 1 arterial occlusion. Thirty-four patients underwent surgical and
five endovascular repair. Overall survival was 79%. The stroke rate for surviving patients was
6%. Patients treated with endovascular stenting had shorter hospital and intensive care unit
stays than those treated with surgery.
Conclusions: Innominate artery injuries have high rates of morbidity and mortality. A vascular
surgical approach with pre-operative angiography, when possible and careful surgical planning
by a dedicated team promotes better surgical results. Endovascular and hybrid procedures can
become the method of choice when treating stable patients.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Trauma to the innominate artery is distinctly rare. The true
incidence of these injuries is unknown as it is estimated, Department of Surgery, Uni-
63, Tygerberg 7505, South
219337999.
e.co.za (D.F. du Toit).
ty for Vascular Surgery. Publishethat between 48 to 71% of these patients die before
reaching the hospital.1e4 Most available data are derived
from civilian experience since no battlefield injuries were
reported until three cases mentioned in the Vietnam War
Registry.5e8 In civilian series innominate artery injuries
account for between 0e3% of recognized arterial trauma.3,9
These injuries have a very high morbidity and mortality as
a result of their inaccessibility, frequent associated
injuries, the risk of cerebral hypoperfusion and stroke,
a propensity for massive haemorrhage and inexperienced by Elsevier Ltd. All rights reserved.
Treatment of Innominate Artery Injuries 57of most surgeons in dealing with these injuries. The in-
hospital mortality rate associated with innominate artery
injuries varies between 5 and 43%.2e4,10
During the last decade there has been an increasing
interest in the endovascular management of arterial
trauma. Because of their inaccessibility innominate artery
injuries are ideally suited to stentgraft treatment in stable
patients.11e14 This report reviews our experience with both
open and endovascular management of penetrating innom-
inate artery injuries and outlines the principles of success-
ful management.Patients and Methods
The records of all patients undergoing intervention for
penetrating injury to the innominate artery at Tygerberg
Hospital between April 1988 and January 2006 were
retrospectively reviewed. The data captured included
mechanism of injury, zone of penetration (zone IeIII)15
and the presence of hard and soft signs of vascular injury.15
Zone I was defined as the area between the clavicle and
the cricoid cartilage, zone II the area between the cricoid
and the inferior border of the mandible, and zone III as the
area between the inferior border of the mandible and the
base of skull.15 Clinical presentation, including shock on
admission (systolic blood pressure <90 mmHg), airway
compromise requiring intervention and associated injuries
were noted. The use of pre-operative angiography and
type of surgical or endovascular intervention were
recorded. Arterial pathology was documented as active
bleeding, false aneurysm, arteriovenous fistula or occlu-
sion. The patient’s pre-operative (after initial resuscita-
tion) and post-operative neurological status were
recorded. Mortality and the cause of death were
documented.
Before 1994 departmental protocol required mandatory
exploration of all injuries penetrating the platysma mus-
cle.16 This was subsequently replaced by a policy of selec-
tive exploration for all stable patients with zone I injuries
based on routine angiography. Unstable patients went
directly to the operating room if bleeding could not be con-
trolled by simple measures such as Foley cathether tampo-
nade. A number of surgical exposures were used with
a median sternotomy with or without extension into the
neck being the approach of choice. The actual method of
arterial repair was guided by intra-operative findings. Nei-
ther cell savers nor temporary shunts were used. Deep
hypothermic circulatory arrest with cardiopulmonary
bypass was utilized for cerebral protection in one patient
with a common trunk giving rise to both carotids and the
right subclavian artery(bovine trunk). Systemic heparin
(70 units/kg) was given at the discretion of the attending
surgeon once vascular control was achieved, unless the
patient was clearly coagulopathic.
The technique used in this unit for endovascular repair
of thoracic outlet arterial injuries has been previously
described.17 For the innominate artery, it entails bilateral
transfemoral access (5-F and 11-F Cordis [Johnson & John-
son, Waterloo, Belgium] introducer sheaths) obtained
under local anaesthesia. A 5-F pigtail catheter is advanced
through the 5-F sheath over a .035 guidewire into the aorticarch and an arch aortogram (5 and 45 degrees) is performed
to evaluate suitability of the lesion for endovascular repair.
Factors to consider include adequate proximal and distal
docking zones (0,5e1 cm), the presence of a common(bo-
vine) trunk or a common origin of the innominate and left
common carotid arteries, intra-luminal thrombus and the
diameter and length of the innominate trunk. Exact proxi-
mal and distal lumen diameter measurements were made
on precalibrated computer-generated digital subtraction
angiography images. The correct size stent was chosen by
oversizing the proximal measured diameter by 1e1.5 mm.
Lesions in close proximity to the aortic arch or innominate
bifurcation are considered to be relative contra-indications
to endovascular therapy. The latter might still be suitable
for a hybrid procedure consisting of a variety of extra-
anatomic cervical bypasses such as a right carotid e
subclavian transposition followed by stentgraft placement
from the innominate artery to the subclavian artery with
exclusion of the lesion. The pigtail is left in the arch to
serve as marker of the origin of the innominate artery. A
5-F diagnostic catheter is passed through the 11-F sheath
to engage the innominate artery which is then carefully
traversed with a hydrophyllic .035 guidewire crossing the
injured area. The diagnostic catheter then follows the
guidewire over the lesion and is exchanged for a .035
Amplatz Super Stiff guidewire(Boston Scientific, Natick,
MA, USA) which is advanced gently into the brachial artery.
The stentgraft is advanced through the 11Fr sheath over the
.035 Amplatz Super Stiff wire until it is positioned in the
innominate artery. Correct pre-deployment positioning for
complete lesion coverage is ascertained by a combination
of direct angiographic control with contrast injection
through the pigtail in the arch, bony landmarks and road
mapping. The stentgraft is then deployed in the correct
position, totally excluding the lesion, which is confirmed
by a completion angiogram. Carotid and subclavian ouflows
are also examined for embolic obstruction. Embolic protec-
tion devices were not used in any patients in this series.
The stentgraft used in all instances was the Wallgraft(Bos-
ton Scientific, Natick, MA, USA). Fig. 1 depicts the success-
ful endovascular management of an arteriovenous fistula
between the innominate artery and vein. This patient had
a previous stab wound of the heart repaired via a sternot-
omy accounting for the sternal wiring visible.Results
There were thirty-nine patients with innominate artery
injuries during the seventeen year study period. Thirty-six
were male (92%) and three female (8%), with a mean age of
27 years (range 18e49 years).There were no blunt injuries
documented and, of the penetrating injuries thirty-eight
were stab wounds (97%) and one was a gunshot wound. The
clinical findings on admission are outlined in Table 1. The
most common clinical presentations were shock (47%),
haematoma (42%) and active external bleeding (29%). Five
patients (13%) presented comatosed, but no patient dem-
onstrated localising neurological signs pre-operatively. In
one patient a pulseless right arm was found, but the limb
was not acutely threatened. Six patients (15%) had no
hard signs of arterial injury.
Figure 1 Treatment of an arteriovenous fistula between the
innominate artery and vein. (a) Initial aortogram demonstrat-
ing the fistula; (b) completion aortogram showing exclusion
of the arteriovenous fistula. (Rapid venous filling make it diffi-
cult to demonstrate the actual fistula location without the ben-
efit of real time multiple views, however the innominate artery
with early filling of the left innominate vein, superior vena
cava and right atrium is demonstrated.)
Table 1 Clinical findings on admission
No. of patients (%)
Zone of injury
1 37 (95)
2 2 (5)
Side of injury
Right 24 (61)
Left 10 (26)
Central 5 (13)
Clinical presentation
Active external bleeding 13 (33)
Haematoma 17 (44)
Arterio-venous fistula 4 (10)
False aneurysm 2 (5)
Pulse deficit 1 (3)
Shock 18 (46)
Threatened airway 7 (18)
Coma pre-operatively 5 (13)
Table 2 Associated injuries and influence on mortality
rate
No. of patients Mortality (%)
All associated injuries 23 26
Vascular injuries 15 27
Arterial injuries 7 71
Aortic arch 3 67
R subclavian artery 3 67
R common carotid artery 2 50
Internal mammary artery 1 100
Venous injuries 11 27
Brachiocephalic vein 9 33
R subclavian vein 1 0
Internal jugular vein 2 50
Multiple vascular injuries 5 80
Hemo- and/or pneumothorax 16 19
Thoracic duct injury 2 50
Oesophagus 1 100
Colon and Diaphragm 1 0
No associated injury 16 13
58 D.F. du Toit et al.Twenty-three patients (59%) presented with associated
injuries (Table 2). Although most of these injuries were cer-
vico-mediastinal in nature one patient had a separate left
chest stab wound with a diaphragmatic and colon injury.
The most common associated injury was hemo-pneumotho-
rax that occurred in 16 (41%) patients. Mediastinal widening
was present on 70% of the twenty available chest x-rays. As-
sociated vascular injuries occurred in 15 patients (38%) with
seven arterial and eleven venous injuries.
Angiography was performed in total in 24 patients (62%).
Before 1994, this was done according to the attendingsurgeon’s preference and thereafter as a routine pre-
operative investigation for stable Zone I injuries. Only one
patient undergoing pre-operative arteriography (4%) died as
a result of intraoperative exsanguination. In contrast, seven
of the remaining fifteen patients not undergoing arteriogra-
phy died (47%).Onepatient had a false negative arteriogram.
The pathology of arterial injuries as defined by clinical,
angiographic and operative findings included false aneu-
rysms (nZ 21), actively bleeding patients (nZ 13), arterio-
venous fistula (nZ 4) and one arterial occlusion.
Management of the 39 patients is detailed in Table 3. All
patients were resuscitated according to ATLS principles. Pa-
tients actively bleeding on presentation and continuing to
do so went directly to the operating room and received
a median sternotomy and appropriate repair. Stable pa-
tients either were locally explored via a neck incision,
Table 3 Management of innominate artery injuries
Patients n (%)
ACCESS
Median Sternotomy alone 16 (47)
Median Sternotomy with anterior Neck
incision
11 (32)
Median Sternotomy with Supraclavicular
incision
4 (12)
Anterior neck incision alone 1 (3)
Supraclavicular incision alone 1 (3)
Trapdoor and anterior neck Incision 1 (3)
Transfemoral Endovascular 5 (13)
METHOD OF REPAIR Patients n (%)
Lateral suture 14 (41)
Graft interposition 13 (38)
End-to-end anastomosis 3 (9)
Ligation 2 (6)
Bypass from ascending aorta 2 (6)
Stentgraft 5 (13)
Table 4 Factors adversely influencing survival
No. patients Mortality (%)
Presentation:
Coma 5 100
Threatened airway 7 43
Shock 18 36
Associated injuries:
Arterial injury 7 71
Operative findings:
Complete arterial transection 2 50
Repair by ligation 2 50
Treatment of Innominate Artery Injuries 59prepared and draped for sternotomy, if needed (pre-1994),
or had a pre-operative angiogram with planned sternotomy
and neck exploration or endovascular repair. Thirty-four
patients (87%) underwent surgical and five (13%) endovas-
cular repair. The most common exposure in the surgical
group was a median sternotomy alone, or combined with
an anterior neck or supraclavicular incision (nZ 31). In
two patients, the innominate artery was controlled and re-
paired via an anterior neck and supra-clavicular incision re-
spectively. Both these injuries were located distally, close
to the bifurcation of the innominate artery.
The most frequently used types of operative repair were
lateral suture in 14 patients (41%) and graft interposition in
13 patients (38%). Bypass from the ascending aorta with
exclusion of the innominate trunk at its origin was utilized
in two patients (5%). The three arteriographically identified
bovine trunk injuries underwent adjunctive procedures to
assure cerebral protection. In two patients extra-anatomic
procedures were done to ensure left common carotid flow
during repair. In one a left common carotid to subclavian
bypass and in another a transposition was done before
sternotomy and clamping of the common trunk. In the third
patient cerebral protection was provided by deep hypo-
thermic circulatory arrest and cardiopulmonary bypass.
These three patients survived without post-operative neu-
rological deficit. In one patient a bovine trunk injury was
identified intra-operatively and he died post-operatively as
the result of extensive cerebral infarction.
Five patients were managed by endovascular repair. All
were stable and had procedures performed after an initial
diagnostic arteriogram. Three patients had false aneurysms
and two arteriovenous fistulas. In all five a 12 30 mm self
expanding Wallgraft (Boston Scientific, Natick, MA, USA)
was used. Completion angiogram confirmed complete ex-
clusion of the lesion in all patients. In one patient with
a false aneurysm close to the innominate artery bifurcation
the procedure was complicated by occlusion of the right
common carotid artery when the stent was inadvertentlydeployed from the subclavian artery to the innominate ar-
tery, covering the origin of the right common carotid ar-
tery. The procedure was immediately converted and at
open surgery a right common carotid to subclavian artery
transposition was performed. This patient, together with
the other four treated endovascularly had uneventful
recoveries.
The outcome in terms of survival for the whole group of
patients was 79%(thirty-one patients) with a mortality of
21% (eight patients). In the last five years of the study
period nineteen patients were treated without mortality.
Death was stroke related in three patients and was the
result of multi-organ failure in two patients. Irreversible
hypovolemic shock, cardiac tamponade and intra-operative
exsanguination accounted for the remaining three deaths.
In total, five patients (13%) had strokes confirmed either
clinically or at post-mortem examination. Two of these
patients survived, translating to a stroke rate of 6% for
surviving patients. Both presented postoperatively with left
hemiplegia after no pre-operative documentation of neu-
rological deficit, thus assumed to have suffered strokes
intra-operatively. Factors adversely influencing survival are
listed in Table 4. Coma at presentation and associated arte-
rial injuries were the factors associated with the highest
mortality at 100% and 71% respectively. Patients with asso-
ciated injuries had an overall mortality rate of 26%, as op-
posed to 13% for patients with isolated innominate artery
injuries.
Comparison of endovascular repair (5 patients) and open
surgical repair in patients sufficiently stable to undergo
a pre-operative angiogram in the last five years (12
patients) revealed that the open group had a mean
intensive care stay of 3,8 days and mean total hospital
stay of 8,6 days, as opposed to none of the stentgraft group
requiring high care and the mean hospital stay was 2 days.
Mean blood use in the open group was six units of packed
red cells per patient, while none of the stentgraft group
required blood transfusions.
No intermediate or longterm follow-up data are avail-
able for any of the surviving patients, as a result of poor
compliance in attending outpatient visits.
Discussion
Innominate artery injuries represent a formidable chal-
lenge to even the most experienced surgeon. The largest
60 D.F. du Toit et al.published series of these injuries included 43 patients in
a 30 year period.4 In this study 34 injuries were the result of
penetrating trauma with twenty-seven gunshots and only
seven stab wounds. The present series includes 39 pene-
trating injuries of which 38 are the result of stab wounds
and this represents the largest series of penetrating innom-
inate artery injuries. Although actively sought, there were
no blunt injuries, possibly due to a relative paucity of
high speed motor vehicle accidents in our practice. There
was an increase in frequency of innominate artery injuries
over time with 20 patients in the first 12 years and 19
patients in the last 5 years of the study.
Ten patients (26%) had injuries to the left side of the
neck crossing the midline and two patients (5%) had
external wounds in Zone II of the neck. It is important to
note that Zone II injuries with minimal clinical signs can
hide an innominate artery injury in the mediastinum. If
Zone II injuries were evaluated by clinical and duplex
Doppler study only, these injuries might have been
missed.18 Although the findings on chest x-ray were not
available for review in all of our patients, where available,
these all had abnormal findings present and this should be
taken into account when selecting patients with Zone II
injuries for arteriography.10,19 Six patients (15%) had no
classic hard signs15 of arterial injury. This fact illustrates
the importance of having a low threshold for angiography
or routine angiography in Zone 1 penetrating injuries.3,20,21
Associated injuries were present in 23 patients (59%) and
other arterial injuries, in addition to the innominate artery
injury are the associated injury contributing most to
a higher mortality rate of 71% in comparison to the
mortality of the group as a whole of 21%. A comparison of
mortality between patients who underwent pre-operative
angiography or not, is not possible because of the high
percentage of unstable patients that had to go directly to
the operating room. In total, 4 patients (10%) with bovine
trunks were seen. This figure correlates well with the
reported incidence of 11%. The three that were identified
at arteriography benefited from pre-operative diagnosis
and planning of surgery. All three of these patients survived
with intact neurology. One patient diagnosed at operation
suffered a stroke and died. Routine or selective arteriog-
raphy has the potential to decrease the mortality in these
patients as this anomaly can have catastrophic conse-
quences if stumbled upon at open surgery.
Angiography is an important adjunct in the management
of stable patients with injuries to the thoracic outlet. Flint
demonstrated that 32% of patients with injuries to the
major vessels at the base of the neck had none of the usual
diagnostic signs of significant vascular injury.21 Routine ex-
ploration, as was proposed by some,16 is archaic, as it re-
sults in a large number of unnecessary explorations,
morbidity and resource depletion. In the present study
one(4%) out of twenty-five arteriograms was falsely nega-
tive and this was done in 1994 before digital subtraction an-
giography was available. Digital substraction angiography
can reliably diagnose clinically silent injuries and is impor-
tant in planning operative strategy. In this study it was rou-
tinely used in the evaluation of all Zone I penetrating
injuries. The use of multislice helical CT angiography in
the evaluation of penetrating neck injuries has obvious ad-
vantages and is being used more frequently by manycentres. In a small local pilot study (unpublished) in which
patients with Zone I injuries underwent both CT and con-
ventional angiography, one small innominate artery false
aneurysm was missed by CT angiography. In this unit we
are therefore not yet convinced that mulitislice CT angiog-
raphy can replace conventional digital subtraction angiog-
raphy as the diagnostic method of choice to detect these
vascular injuries. A prospective study are now locally
planned to investigate the role of CT angiography in the
evaluation of these patients.
The mortality rate of 21% compares favorably with other
published series, especially if one considers that the
majority of injuries were the result of stab wounds which
have a reported mortality rate of 5e43%.4,10 In the last 5
years, 19 patients have been managed without any mortal-
ity. Factors that might account for this are mandatory neck
exploration being replaced by liberal angiography with
selective planned exploration in all stable Zone I neck in-
juries. Most of these patients were operated on by a dedi-
cated vascular team with endovascular skills available and
improved postoperative care. An important technical point
in stable patients is early control of the right common ca-
rotid artery and subclavian artery via the neck incision. Ex-
posure is obtained by dividing both heads of the
sternocleidomastoid muscle. These vessels are clamped be-
fore entering the haematoma at sternotomy. This protects
the patient from clot dislodgement if digital pressure is
needed for haemorrhage control. This can limit intra-oper-
ative strokes and improve outcome. We do not routinely
take a bypass graft from the ascending aorta, but first eval-
uate the injury for the possibility of primary suture or graft
interposition. This was possible in 80% of cases and proved
to be durable and less time consuming. This is in contrast to
the classical bypass technique as proposed by Mattox where
the mediastinal haematoma is initially avoided and a graft
is taken from the ascending aorta to the distal innominate
trunk with over sewing of the proximal innominate artery
as a last step.3,4 During repair, cerebral perfusion is main-
tained via the left carotid and vertebral system and ade-
quate blood pressure management by the anesthetic team
is critical. A mean arterial pressure of at least 60 mmHg
is desirable or higher if the patient’s clotting status allows
it. The fragile nature of the innominate artery is well
known, mandating fine suture material (5/0) and precise
surgical technique if primary suture or graft interposition
is undertaken. If a graft is needed, 8e12 mm Dacron pros-
theses are preferred as these permit less suture hole bleed-
ing than polytetrafluoroethylene grafts. We agree with
others that the routine use of temporary shunts and cardio-
pulmonary bypass is unnecessary for the successful man-
agement of most of these injuries.3,4,10
The bovine trunk presents a special challenge to the
surgeon. These patients are best managed with a left
carotid-subclavian bypass or transposition before sternot-
omy to prevent simultaneous occlusion of 3 of the 4 arteries
supplying the brain. Another possibility is performing a by-
pass from the ascending aorta to both the innominate and
the left common carotid artery before entering the medias-
tinal haematoma.3 The problem with this technique is that
inadvertent entry into the haematoma could mandate
clamping before circulation is established to the left carotid
system with potentially catastrophic results. An alternative
Bovine trunk 
Injury close to bifurcation
or Aortic Arch  
* DSA, digital substraction angiography
Zone I Neck injuries 
Unstable Stable
Resuscitation / Foley catheter tamponade 
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Open repair Sternotomy/Neck
exploration 
CT Angiography/DSA* +
Contrast Swallow  
Innominate Artery Injury 
Endovascular Repair Open Repair Hybrid Repair
Oesophagus Injury(or
endovascular repair
followed by open
oesophagus repair) 
Failed endovascular
repair. 
Figure 2 Algorithm for the treatment of patients with potential innominate artery injuries.
Treatment of Innominate Artery Injuries 61to this is deep hypothermic circulatory arrest with cardiopul-
monary bypass. The disadvantages of this technique are
complex anaesthesia and coagulopathy.22,23 The use of hy-
brid techniques combining open and endovascular surgery
in cases with this anomaly has also been described. This en-
tails left carotid to subclavian transposition or bypass (with
ligation of the proximal carotid artery) followed by endovas-
cular stent-grafting of the innominate artery.24
In this unit endovascular therapy is becoming more
popular in the management of cervico-mediastinal arterial
injuries. We favour this method for its ease and simplicity,
decreased blood loss, operative time and morbidity.
Patients stay in hospital is shortened and surgeon exposure
to blood and needlestick injuries is limited. In the last two
years of this study, we successfully stented five innominate
artery injuries without any mortality or stroke. It is clear
that the cost of the stentgraft can be easily justified and
that usage thereof can, in fact, be cost-effective. The
overstenting of the common carotid artery in one case is
a cause of concern. This can be avoided in future by doing
a carotidesubclavian bypass or transposition before sten-
tgraft placement or by directing the guidewire into the
external carotid artery with overstenting of the subclavian
artery origin. Covering the ostium of the right subclavian
should be well tolerated. The follow-up of the innominate
artery stents is too limited to comment upon, but it can be
expected to be favorable because of the large diameter and
short length required.Innominate artery injuries have high morbidity and
mortality rates. A vascular surgical approach with pre-
operative angiography, when possible, and careful surgical
planning by a dedicated team promotes better open
surgical results. In stable patients endovascular and hybrid
procedures can be of great benefit and could well become
the method of choice when treating these lesions. A
proposed algorithm for the management of innominate
artery injuries is presented in Fig. 2.References
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